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Title : SURFACE PROCESSING METHOD AND APPARATUS BY DISCHARGE PROCESSING 
5 ELEMETER 

[ABSTRACT] 

To process the surface by primary processing only, by using a 
coolant having a high content of C (carbon), together with a metal 
10 electrode likely to form a carbide of high wear resistance, such as 
W (tungsten), Ti (titanium), V (vanadium), Ta (tantalum), or Nb 
(niobium) as electrode. 

[PURPOSE] To enhance wear resistance and corrosion resistance of 
workpiece substantially by forming a surface processing film of rigid 

15 metal carbide of high wear resistance on the surface of workpiece. 
[ CONSTITUTION] It comprises a metal electrode likely to form a carbide 
of high wear resistance, such as W (tungsten), Ti (titanium), V 
(vanadium), Ta (tantaliam), or Nb (niobium), a coolant having a high 
content of C (carbon) such as a discharge coolant, high molecular 

20 compound coolant and water- based coolant mixing high molecular 
compound, coolant feed means for feeding the coolant between electrodes , 
and discharge pulse feed means for feeding discharge current pulse 
for generating chemical reaction between the electrode metal material 
and carbon in the coolant . 
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[0045] 

[Embodiments] 
Embodiment 1 

Embodiment 1 of the invention is described below while referring 
to the drawings. Fig. 1 is a structural diagram showing a surface 
processing apparatus by discharge processing according to embodiment 
1 of the invention, in which reference numeral 1 is a workpiece to 
be processed by processing and surface treatment, 2 is a surface 
processing electrode formed of, for example, Ti (titanium), 3 is a 
kerosene discharge coolant with a high content of C (carbon), 4 is 
an electrode exchange device for exchanging discharge electrode and 
surface processing electrode 2, 5 is a Z-axis drive unit for driving 
the electrode in the vertical direction, 6 is an X- table for driving 
the workpiece in a horizontal direction (X-axis direction), 7 is a 
Y- table for driving the workpiece in a horizontal direction (Y-axis 
direction) , 8 is an X-axis servo amplifier for controlling an X-axis 
drive motor, not shown, for driving the X- table 6, 9 is a Y-axis servo 
amplifier for controlling a Y-axis drive motor, not shown, for driving 
the Y- table 7, 10 is a processing tank, 11 is a CNC unit, 12 is a locus 
move control device provided in the CNC unit 11 for controlling relative 
move of the electrode during processing by the surface processing 
electrode 2, 13 is a CAM system for generating electrode move locus 
for supplying an electrode path program (NC program) for processing 
by the surface processing electrode 2 into the locus move control means 
devicel2, 14 is a coolant feed device for feeding the coolant 3 between 



electrodes, and 15 is a discharge pulse supply source for supplying 
electrode pulse having a specified rise time in a slope state for 
generating chemical reaction between the electrode metal substance 
and carbon in the coolant. 
[0046] 

The operation is explained below. Before the step of discharge 
processing, the workpiece 1 has been already processed into a shape 
by cutting or discharge processing and the shape has been already formed . 
The workpiece 1 in this state is set in the processing tank 10. After 
setting the workpiece 1 , the surface processing electrode 2 is mounted 
on the Z-axis drive unit 5 by means of the electrode exchange device 
4, and processing is started. In the process, the kerosene discharge 
coolant 3 having a sufficient content of C (carbon) is always supplied 
into the processing tank 10 so as to be enough to form a carbide of 
Ti on the workpiece surface, and it is processed by the surface 
processing electrode 2 of a simple shape so as to copy in the lateral 
direction of the processing surface in the rough processing step . That 
is, the locus move control device 12 provided inside the CNC unit 11 
controls the move of the surface processing electrode 2 in the lateral 
direction on the basis of the electrode path information (NC program) 
preliminarily created by the CAM system 13 for generating electrode 
move locus. 
[0047] 

By the thermal energy generated by discharge during process, Ti 
(titanixam) , being an electrode material, is suspended in the coolant 



of the processing portion, and is adhered to the workpiece surface. 
At the same time, C (carbon) in the coolant 3 is decomposed by thermal 
energy of discharge , and is parted from the coolant . By the chemical 
reaction between this decomposed carbon and Ti (titanium) adhered in 
the coolant and to the workpiece surface, a carbide of Ti (TiC) is 
formed, and a hard film is formed on the workpiece surface. 
[0048] 

As the electrode, incidentally, when pressed and formed powder 
of Ti (titanium) is used, fusion of the powder for processing is 
insufficient by primary processing alone, it is required to increase 
the density of surface processing layer by re-fusing process . At this 
time, it is general to execute secondary processing (re-fusing process ) 
by copper electrode or the like. On the other hand, when Ti metal is 
used as the electrode as in this embodiment, as compared with the 
compacted powder electrode, it is difficult to form a thick deposit 
layer on the workpiece surface, but since processing is stable, it 
is possible to re-fuse by primary processing only, so that a hard 
surface processing layer is obtained without requiring secondary 
processing. 
[0049] 

In this embodiment, using the Ti electrode of simple shape, it 
is shown to process while scanning the workpiece surface in the lateral 
direction, but the surface may be processed by preparing a vertical 
electrode formed according to the surface processing shape by using 
Ti metal. 



[0050] 

As the metal used in the electrode, aside from Ti (titanium), 
V (vanadium), Ta (tantalum), Nb (niobium), or other metal electrode 
likely to form a highly wear resistant carbide may be used. In 
5 particular, by processing with an electrode having the component of 
mixing Ti and Nb, the toughness of the surface processing layer and 
the base metal contacting surface processing layer is enhanced. 
Further, by mixing V, same as in the TD process, a film of high heat 
resistance can be formed, and surface covering suited to processing 

10 of heat resistant parts can be formed. As for surface processing of 
ferrous workpiece , a stable processed layer can be formed by W electrode . 
In addition, Ta is effective to improve the corrosion resistance of 
surface processing layer. By using an electrode by mixing these 
materials, ceramic films of Ti, C, VC, TaC, WC can be formed on the 

15 workpiece surface. By varying the ratio of the electrode component, 
surface processing layers of various characteristics depending on the 
application and workpiece material can be easily obtained. 
[0051] 

In this emboddlment . discharge coolant is used as the coolant , 
20 but same effects are obtained by using other coolant of high content 
of C (carbon) such as glycerin or other high polymer compound coolant 
and water-based coolant mixed with polyethylene glycol or other high 
molecular compound. In particular, by using these coolants, non- 
flammable processing being free from risk of fire accident may be 
25 realized. 
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[TITLE OF THE INVENTION] DISCHARGE PROCESSING ELECTRODE WIRE 

[NAME OF THE DOCUMENT] ABSTRACT 

[SUMMARY] 

[PROBLEM] When Cu-Zn alloy of low in tensile strength is used in the 
outermost layer, if attempted to keep the tensile strength by using 
a high tensile strength steel in the core, the electrical conductivity 
as the composite electrode wire is lowered, and the discharge 
processing current cannot be increased. 

[SOLVING MEANS] Using Nb wire 101 in the core material, Nb/Cu 
two-phase dispersion fortified type composite layer 102 and Cu-Zn alloy 
layer 103 are sequentially formed coaxially on this Nb wire 101. The 
Nb/Cu two-phase dispersion fortified type composite layer 102 has a 
dispersion structure in the two-phase dispersion fortified type 
composite of Nb and Cu, and a large tensile strength is assured by 
this dispersion structure. Moreover, Cu is present even in the 
dispersion structure, and the dispersion fortified type composite 
layer 102 has a high conductivity. 

[0018] 

[Embodiments of the Invention] 

Fig. 1 is a sectional view showing a first embodiment of discharge 
processing electrode wire according to the invention. The discharge 
processing electrode wire 100 in the invention is composed of a core 
material made of Nb (or Nb alloy) wire 101, and Nb (or Nb alloy) /Cu 



(or Cu alloy) two-phase dispersion fortified type composite layer 102 
is provided coaxially on the outer circiamf erence of the Mb wire 101. 
Further, the Nb/Cu two -phase dispersion fortified type composite layer 
102 is covered with Cu-Zn alloy layer 103. 
5 The Nb/Cu two-phase dispersion fortified type composite layer 

102 is a composite material formed by laminating and winding tightly 
sheet materials of Nb and Cu, and it has both high tensile strength 
and high conductivity. For this Nb/Cu two-phase dispersion fortified 
type composite layer 102, the Nb wire 101 functions as a core material 
10 having a larger strength than Cu. The Cu-Zn alloy layer 103 on the 
outermost layer is an important portion for dominating the discharge 
processability. Accordingly, adding Zn excellent in discharge 
processing characteristic to Cu (Zn = 10 to 50 wt .%) , a Cu-Zn alloy 
is used. 

15 Herein, the mode of transformation of the laminate composite 

material into Nb/Cu two-phase dispersion fortified composite material 
having a high tensile strength characteristic is explained . 
Laminating Nb sheet 102a and Cu sheet 102b, a composite material is 
formed as shown in Fig. 2 (a), and by reduction processing, creases 

20 are formed as shown in Fig. 2 (b) to be deformed into Nb layer 102c 
and Cu layer 102d, and the structure collapses from the laminar texture. 
Finally, as shown in Fig, 2 (c) , one layer becomes a dispersion phase, 
and it is transformed into a dispersion structure. Herein, the Cu 
layer 102d becomes dispersion phase 102f , and the Nb layer 102c becomes 

25 Nb phase 102e. 



In the region not destroyed in the laminar texture, the composite 
rule is established, and the tensile strength of the laminate composite 
layer itself is low, cind it is difficult to be applied as a reinforcing 
member of the composite electrode wire. By contrast, as the laminar 
5 texture is decomposed to be dispersion structure, the composite rule 
is not applied in the tensile strength of the Nb/Cu composite material, 
and a maximum tensile strength of about 250 kgf /mm^ is achieved. As 
a result, a composite material usable as reinforcing member of the 
composite electrode wire can be obtained. In this Nb/Cu composite 
10 material, since Cu of high conductivity is present also in the 
dispersion structure, the Nb/Cu two-phase dispersion fortified type 
composite layer 102 has a high conductivity characteristic. 
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®cSj]ox^^T^ttixS{c-c. ss'j^px. scm^px?:^ift- 

4 (c J; (9 ^mmMmmm 2 ^ z lii^aa^g 5 ic^fi-t-t. 
miL^mibir^, mn^. rnxmi oj-ttT i (Dm.it^ 

=fi'-r^*Trft^«cm^pxta3;6^^H#«?^stv. m-mm^i)t(D 

^1S*r^t-?te-^'^<t 9t-;dpx^^T5o -r^=e^^. cnc 
^j^ft^fi 1 1 p^^t-iStt c^:h./c©iM^^ib»J^^a^g 1 2 (-1 

[0 0 4 7] JbQX^. Mcm^^^^^^l^tl^^^^^^^^-- 
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i c) mij^^ti. xi'^i^ssf-^^wt^fli^^ffM^n 

[0 0 4 8] ^fc. mtiii: Ur, T i C^^^^-) cTD&'i*: 
^^]PiX^JgL/c t^^^fflv^fc^'g•. 1 ifc^PX/'ctt'Ci^^ 

l^mS?t^if(-cJ: 2tSfcAPX (ffigiWPX) $r^2)S 

;f]px^5^:^-e^fo6(7:)T^i ifc;^3PXo^-eS^lli;6^ 

[0 0 4 9] 7iib\ ±.mmMmxn. mmm'J[K<DT \ m 
m^m\^\ x^^i^^®^isi:&f^i-^^^>^i-^^=^^^^ox 

[0 0 5 0] ^fz. mm^zi^mir^^mti.xn. t\ 

/w) . W . Nb (^;<}-^) »^ 

^\/\ it#l-. T i t-Nb ^fI:'^U/'::^:5^(7:)'n.tl-e^PX^ 

g^^x^'^t;^7:)^®^^f-ov^r^^wmffi^-J: '9^:^ 
vc. TaC. y^c^i)^(r)^y ^ ^ ^^-^"^"^^^ 

^hztK^r^. mm. x.vwmwmzjz^M.fzm^fi^'^ 
(D^^^mm^MB^^%^ z,hti^x^^. 
[0 0 5 1 ] ^fc. m%^'m^m\z^^^x\±. mxmt b 

it^^rl-a-LycTt^^^PXJK. c (^^) ^^<^* 

^0 -r^^tilco^^x^%fflv^-ct> ^mii^^m^^t^^o ^ 

\z-f\.ha:>mi::m^m^^-^^z.t\zx,^. >:y^co:/G:l^07i 

[0 0 5 2] ^o\^fz. ^mm<m^mf&ir^fzi^(DM 

'^w^ztt^-tii^mx^^o m2. m3ny<ji^y^m^^^'^ 
50 1 1 Lxmx.\'^i:M.\zm:m^m^m^i^fz^-^(r)mM 
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(Of|g ± 0 ^ i BiSfttt to I MS/l ^ n 

m\±(D{^±7:)^^h^^h(D(D. y</Uy^J^'g^^ 5 0 0 s e 
T/^^/Uj^fliMi: — SOO^i s e c 0$Eia^fflt^5 7^ 

[0 0 5 3] zoLti. mm^mi,zmi.xn. mm^h 
[0 0 5 4] ^7t. mm&m(DfL-tb±7b^^^m^^'hmm^ 

mm^^^':i^x\^tj:<^-mm\±^^^h^\^^mht^h. - 
^^'mm\±^t^^xm&^M\^^m^tj:mtt^^. :z(Dfz 

tl'^±^^^^m^) i:LTH. 1 A/m s e c A^TcO.^-^ 

[0 0 5 5] ^/c. m5nmmmmzx^^^^^^(D 



4#§l¥9 - 1 9 8 2 9 
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(-) Xco^m(7:):)J:()mmi:>^J:< . ^y^y^(D^ 
±-i>(P'y'j:t^<:>fc. ^bic, m^\± i^m) ^'^/b^^iiiT^ 

mt i.xmM(Dmjim^^\^^^m'^nmmi'Fmzx^m 
^iB,'^Ltch<^^mi^^m^. mmm^ (-) ■ctix^'^ 

[0 0 5 6] ±B^mm(r)]fmt Lxi-t. F^mmt^. 

mt^ Xi^ife^S Ci^rt L T7K¥;^f^ Jc;^ ^ v i^' L 

x-oxmmmm^nv :zt-hx^^^ -^(Dm-^n. 
X, 4^tt:±>^t-iMmt^^. ti:±^Dx. mmi^mm^^m^ 

[0 0 5 7] ^mji:^m±-~mzmmmj^mM^^mh^ 
^T9i^>S;65^5o -r^cC^b^. Apxffi^^¥^T7t^:fe-^^ (xy 

no ^o^^Lxmn^rr^ ^t^z.xv. mm<D&^:^\^ 
(Dm^^^M-f ±,miEL^j:^^^ hmn^n V :ithx^ 

[0 0 5 8] ^fc. :^^mmx(DmjL<Dm^ti.x. ^ 

mz:Li'^^<DMji^mni.x L^v^. T.i'f!m(Dm'^^m 

mm&^^-to m^z^\^^xmMM (-) nmiLmT!)^^ 

[0 0 5 9] ^fc. mj^\^^z:^^^^>^'^m^no^ 
^\at. m:^{^(7:>^W}m&^m'r€^tmi:-^mrfLx 
L^otzi^. miE^j:mmxm:)j{^\:i^m'r^x.o. 

^ini-ii^. Xf'^feSSo;DPX;if^ii?tr5 - ^^c^<^S 

fiB^m^no zt:^^x^ 

[0 0 6 0] ^fc. itiaiCOJ: T i . W. T a . 
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[0 0 6 1 ] ^h\Z.. ±.m^m (T i . W. V. T a / 
Nb) ir, :z^h(D^m(D^^[:^ (T i C. WC. V 
C. Ta C. Nb C) . mitim (T i N/^if) ^f^-g^L 
Tfcav\ ^/c. Co. N i /c^if0O/<-r V^'i/c^^l^K 

X. xj^m^iim^rf 5 m^^^. 2 m^Mmmm. 1 0 3 

mt^mmnm 2 ^^^j^-r^m^^^^j^i^E. 5 jimt^cDii 
^ij\^(omW}^^n 0 ziAigft^Hs 6 ^ix^^4^co7K¥;& 

tlx 7" — y^/w 6 m(Dm^ ^ ntj:\^ mm^—^ — ^sj^^p-t- 

Xlf. 1 1 tlCNCSKft^g. 1 4 ti;!]PX?i3! 1 0 3 

rsi{-#t*^i-^;^]px}=sm&^^s. 1 5 \±ijkmy<j\^:^Wi^m 

[0 0 6 3] m^. mm^r:>\^^xm.m'r^^ jlv^^kd 

m^iU mmmmm 2^2 ^mmmw 5 ^zm-^ 

it. ■;(jpx^r^*fe-r-5o ^0x4^. SDxif 1 of^itirr^a^st j^? 

m^oxrftt^iT i cnM^i^xv.fzmxMi 0 3/ii^^0#« 

.mSi^mt^2S::^o-c;tjax^^T5o 
[0 0 6 4] ;(]DX4^. Scmt;iJ: i9%^L/c:iRa:4./U'^- 
S9 . mTM'^<DT i C^^f^X^-^fe^Stc-ft^-r ^ t ^ 

^7^^ mium^tDc (mm) j&i^tm^^titiT i t(D 

ib^mm^t LTT i C^c^i'^^DX?S^::^i:ALTv^5.« 
-r ^ { b ^ S ^ ^ C t~ ^ ;6 ^ -e t ;i - o V " y u ;^ it>I CO ^ 
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^?rr^AL/c;(jox?^^>^v^^:*r^r^:,^fci6. il1t(75Sc 

mmi:tmm^j:mmm^m^m\^^x^^^m^nv :zt7b^^ 
[0 0 6 5] mumii^^i^x-r t L-cti. xkt i 

T. VC. TaC. NbC. WC t^c^ if ^{b4^-fe ^ ^ ^ 

[0 0 6 6] nmms. ^t. :z(D^m(Dm&M3^m 

ii{:^x^mm^mmw:^^Tm^mxh *o , i i^mni^ 

J: ^?F$^^n/::^s^^^®ti. 10 Stic (mm) ^ 
^<'s^-r^ffffi^scm;(jDxfflt::T i cm^^mA{.fc 
mum. 4 i^m'^(Dm:mmmm:^^ xx^^m^mmmm 2 

z^mmmm. e nT.i'^!m(D7i<.w-:^i^ (x;^f^) m 

Wh^notzibcDXy^—y'/i^. 7 t±x^'^^co7K¥;&fp| (Y 

m(om^^f^ti:imWi^-'^—^mm'r^x^'^—^^r 

>'^. 9(1Y7=-— ://^7>m£D[lI;^$H/ce^/^fIZEb^->^7 — 
^$iJ^^■r^Y^ft1^-zKT>':r. lomnx^f. 1 mc 

hicmnmm.. 1 2ncNcmmms:i i^mc^i^h 

tt. ^ffi^il;^Stl2 i;:J:5^DX0#Jcio»t^®t^cotbt 

^SiH^]-r^©uaF^iiSH^j^g. i3nmmm^mmmm2 

CAM. 1 4 ti;tjpx?s 1 0 3 ^mr^^^w^^-f~^Mx.mi^ 
r^^,z^t^^ft^ ^^^^^^ wcmnm^ </i^:^ ^ #t^^-r ^ 

[0 0 6 7] Ibm-ov^■clS^PJ-r^o l?S£i?!lli: 

f^t«. x^-^ifefiscm^px^?? 9mix^(--c. mmn. 

Scm^DXT^^ ^ i: "9 /i^ i: i6;dP X;6'^ ^j: ^ tb. ?g«tl-r 
T'^^JF^^S^Tl^^. -(DiikmcDlLi^^l ^^PX^f 1 0 
td-feryh-r^o X<^4^ l(75ir :y7^^ V^^tro/t^. tt 
4 J: "9 ^ffi«L^^mtl 2 ^ Z ttiilb^S 5 
dS^rTfrt. ;(jpx^5§*&-f ^JPXl^. ;fjpx«i Oicinc 

(^^) ^#<^*i-^ll:T?S^.«c1;^PX?a{CT i C&'5fe 
^?^MAL:^c;!]PX?gl 0 3.;65^0##t^:g^i^^ :^^jF$t^£0^ 

s^^LSffl mt^ 2 id J: o T mmmx.TM\z x^a ^ 

«:6-f^{c;i^';5i: 5^c:;^)PX^^f CNC^Hfii^gii 

i^m::.WLit^h^tzWim^W}mm'^mi 2nhh:^^c^M 
m^mm^^fS.mcAMi 3{zx^xi'^jiSi^ixtzmm^< 
Mim (Nc:/n^^i.) \zm-5^. m^^mmmm2 



(9) 

15 

10 0 6 8] mn^. ■^m\^x^^±i.tzm:^'^'^^\-^- 
ii^iTT i (Dmitm (T i c) tmf^^^. x<^^^® 

\ C^'^k^tim&^m^^^z.t'^X'^^i)^. T i COW: 

^b^^i^s r -r r ^ -e # o 7t / *i£oM (/ 
m^^mm'^M^s.'t^::^tt^xt^. -^tc mTM^<D 

T i CnM^Wx.X'MM^i2\Z.:3f6\.^xmm\^tz^o:>^^ 

^^y^:^Xh^<. ^h\z.. mm^m:f)^-c {^m) tit 

miL\^x.^m:m^mmM^^-rm^mxh'o . wtmn 
x^^f p^i^^-Yi-m^. 3i^c mm) *^<^w-r 

;]Dx?^ 3 ^i^fp^dst^^-r ^^Dx?sw^s^s. 1 5 nmE 

50 
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[0 0 7 01 il]mc:ov^r!a^^-r5o ^-r. mm 
s m^i^mm 1 s j: d «i^mt^ 1 7 ^^ir h ^ x 

^EM^^^f 5o APX4^. AQXtf 1 OfcflC 
^) ^^<^*i-5*ra.^AAm;!JDXffl3;i^S'e#i^#&^ 

n> ^mii&mm^'^^mmi 6i^x-^xti:±mi:r'nt> 

\z^^xiff&^t^fzmmy<y^mwi (Nc^o^T-^i^) 
^o^t. ^s*[LS^!7^-^mtii 7coi^^fS]£7D^it). -r 

Tl^ib^. XT'— Yy'—y^umW}<DmW^nOo 
[0 0 7 1 ] ;D0X^'. Sicmt^ict ':?|g^^LfcSftrc^v^':¥- 
[0 0 7 2] ^fc. ;^l^^^s^y^riov^x^l. nmxp^-^m 

mWiMMX^il o T t> ^ V \ 

[0 0 7 3] ^tz. -^mMmvc^^^xn.. affi^^^m 

^.i: LTT i mM^m\^tzm^m\.fzt^. Mi^^^iffD^ 
[0074] 

y^nmh. ^^^FjT^S^^t-6;^)axvS^^T?sr^:^DX 

mmtm(DWi'^m-^m^'t^^o\r:^\.tzfzyt:^. liJfe^DX 
[0 0 7 51 ^fc. ^ -yiJ'^^S^S^ 

•S^-t-^^oxvi^^^lfvS-t-^^DX^f i:, i&m/<>'w;^m-Sft^ 
(7?^i'^>^ i o r ^fc^jp xft^s ^^14 ^ i±-^^p X ti^s 

\Z^y :^(D^nm'^W^lSA-^^o\z.\^fzfz^. Mi 
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[0 0 7 6 ] ^7t. mMt'i^^i.xmmm^(Dm^^^it 
L 7t 46 . ^vi- ^ mm. (d (Dum-^^^-^^^hf^ 

[0 0 7 7] ^Z^:. ^^i:^^UT»^Sttoor^^/^^^^: 
xooff^l^^ J: o X ^ JSm^ifeK h m X'/^t^ t 

[0 0 7 8] ^:^c. Sc'a;;!jpxcom^^^*i: ur. mtiW 
m^^^4^t:l-c^^tm:^)Dx^^T5 r t^-J: . ^dx^^^® 

[0 0 7 9] imMiL<r>m^^nM (-) . ^p 

X^t^ (-i-) <J0®t4-CS!cm^DX^tf 5 IfclJPX 
m^'^Z.ht^X^. 'c—V^-(PM^-^^^X-\:>^yyP 

[0 0 8 0] ^tz. 1^nMT.\'^^^-^^Wm.^<^\^^n:B.}i 

[0 0 8 1 ] ^Tts im^*^jf^t^«^i^ -(7:>¥S5e 
m^^?gtt'S;1l%^S^;DPX^^St-^bT5p^T;^r^i::^ib^ 

ffil^i^ii; f9^^PX^fei^®$r:^=^-r^>'iJ^l-y.£^^^Sc^P 
X^tf5ri:f-J:'9> ^^A0X*^®i-efe^il^?F$^-t'5 
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[0 0 8 2] ^fc. mtico^ssoxig5*B«:iw-r^¥^T^. 
mm^^t'^\ix^^-t^m^<r>^^^^(ox^m^^\^xn. 

fee i: l-i »9 . i^;!jPXit^aSi-^Kii^ff$^-t-5 J: 5 i:^ 
[0 0 8 3] ^7t. SJi:m*X{cj:;5«S®^4-^fi'^ff$^ 

^$^yci^^nx4^?gt^t^an^ - 1 7:^< . ^s^pxffei^ffi 

[0 0 8 4] ^fc. W\^TM(0'^^^<rjmi\^fl\^^^b^^ 
^^^{t;t.. ^6;(]PX^tOl^^£^it^T7i^r^*&i-6ii^mr(^Sfc 
;[3PX^fe?^t^^a^^>::^y=^<. ^;[)PXi^^af-^Kii* 

[0 0 8 5] -^tz. W}nx.m^m^<r^^^^Mtit±.m 
x^^tt-h ^pxs^^J-i^^-^o^o^^T^^^S^^ 

im 1 ] rcofg§^co^Jg^^!l 1 (^SfS^axt-J:^^®^ 
[m 2 ] :i(7:)^§^co^^S^?(! i (DSc®^jnX{-J:6^^ffi^ 

^ ct u^® ^ b $ ^ ^-r m -c ^ ^ o 

40 [SI 5 ] :L(D^m(DmMm 1 coSicSAPXt-J:^*®^ 

[me ] mi-^cotB^^MiEj^^^^i-iiiT-fe^o 
[m 7 ] ^m^mz.^'t^^'^ii^wm^^^om^.^^ 
-rmxh'bo 

[m 8 ] cofgP^coHJS^y 2 coScm^PXi- J: 5^®*0i 
[m 9 ] w£0^§^o^J£«^!) 3 i7:)*kmAaxi- J: ^^ffi^ 

5£? [Hi 0] -<D^m<DmMmA(r^wcm.mT.\^^^^'^ 
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(n) 



WI3¥9- 1 9 8 2 9 



1^ 

7 Yx-T'^K 8 xm^-^^ri^-^. 9 Y 

[mi] 



20 



1 2 ©iM^ii^JW^s. 1 3 mmm^^mc 
m.. 16 ss^affl^-i'-^®®^ 17 nm^y^^n. 




1 
2 
3 
10 
15 
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(13) 



9 8 2 9 



[Hi 0] 



15 



17 18 16 
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